The association of an IS440-sul3 platform with Tn21 class 1 integrons carried by IncI1 plasmids encoding extended-spectrum ␤-lactamases (ESBLs; mainly SHV-12 and CTX-M-14) among worldwide Escherichia coli clones of phylogroups A (ST10, ST23, and ST46), B1 (ST155, ST351, and ST359), and D/B2 (ST131) is reported. An in silico comparative analysis of sul3 elements available in the GenBank database shows the evolution of sul3 platforms by hosting different transposable elements facilitating the potential genesis of IS26 composite transposons and further insertion element-mediated promoted arrangements.
The association of an IS440-sul3 platform with Tn21 class 1 integrons carried by IncI1 plasmids encoding extended-spectrum ␤-lactamases (ESBLs; mainly SHV-12 and CTX-M-14) among worldwide Escherichia coli clones of phylogroups A (ST10, ST23, and ST46), B1 (ST155, ST351, and ST359), and D/B2 (ST131) is reported. An in silico comparative analysis of sul3 elements available in the GenBank database shows the evolution of sul3 platforms by hosting different transposable elements facilitating the potential genesis of IS26 composite transposons and further insertion element-mediated promoted arrangements.
Acquired resistance to sulfonamides is due to the presence of dihydropteroate synthase (DHPS) genes located on class 1 integrons (sul1 and sul3) or genetic islands bearing Tn5393 and ISCR2 (sul2) (14, 23, 25) . Since its first description in the early 1960s, there is evidence of the spread of plasmids containing sul1 and sul2 among different hosts (10, 12, 13, 19, 26) . The sul3 integrons have been increasingly reported among animals and, to a lesser extent, among humans since they were identified in the mid-1990s (2, 4, 11, 23, 24, 32) . However, the genetic elements linked to their spread remain scarcely explored (2, 23, 32) .
We analyzed 344 clonally unrelated Enterobacteriaceae isolates (249 Escherichia coli, 56 Klebsiella pneumoniae, 20 Enterobacter cloacae, 3 Enterobacter aerogenes, 7 Klebsiella oxytoca, 6 Salmonella enterica serovar Paratyphi, and 3 Citrobacter isolates). They included 244 extended-spectrum-␤-lactamase (ESBL) or metallo-␤-lactamase (MBL) producers obtained from hospitalized and healthy humans (1988 to 2006) and 100 non-ESBL producers (66 obtained from blood samples from inpatients and 34 obtained from feces samples from healthy volunteers without recent exposure to antibiotics or hospital environments; 1988 to 2006) (see Table 2 ). Species identification and susceptibility testing were performed by using the automated WIDER system (Fco. Soria Melguizo, Madrid, Spain) and standard methods (7) . Clonal relatedness among Escherichia coli isolates was established by pulsed-field gel electrophoresis (PFGE), multilocus sequence typing (MLST) (30; http://www.mlst.net), and determination of phylogenetic groups by a multiplex PCR assay (6).
The sul3 gene was detected in 6% of the strains (22 strains from 12 hospitalized patients, 8 outpatients, and 2 healthy humans; 1997 to 2006). All were ESBL/MBL-producing E. coli strains showing different PFGE patterns and sequence types (ST) linked to phylogroups A (n ϭ 9; ST10, ST23, ST46, ST156, and ST695), B1 (n ϭ 6; ST155, ST351, and ST359), and D/B2, (n ϭ 7; ST131, ST350, ST624, and ST648). The most common ESBLs/MBLs were SHV-12 (n ϭ 13) and CTX-M-14 (n ϭ 8), followed by CTX-M-15 (n ϭ 2), CTX-M-1, CTX-M-9, VIM-1, and TEM-24 (n ϭ 1 each) (see Table 2 ). Four strains produced two ESBL/MBL enzymes (CTX-M-14, CTX-M-15, or VIM-1 plus SHV-12). The sul3 strains often carried other sul genes (sul1, sul2, and sul3, n ϭ 16/22; sul1 and sul3, n ϭ 2; sul2 and sul3, n ϭ 1; sul3 only, n ϭ 3) and expressed resistance to sulfonamides (86%), streptomycin (86%), trimethoprim (77%), tetracycline (77%), and chloramphenicol (64%). The low prevalence of the sul3 gene is similar to that reported by other studies (2, 4, 15) , in contrast to that reported for the sul1 or sul2 gene (14, 19, 26) . The association of sul3 with ESBL E. coli producers with zoonotic potential (phylogroup B2 E. coli O25:H4-ST131 and phylogroup D E. coli O25a-ST648, -ST69, and -ST393) (8, 31) highlights the role of these frequent clones in the evolution of antibiotic resistance to sulfonamides and beta-lactams in areas of common exposure to these antibiotics, such as farms or hospitals.
Characterization of sul3 class 1 integrons and linkage to Tn21 derivatives were accomplished by analyzing the presence of intI1, sul3, qacI, tnpM 21 , and mer 21 by PCR/hybridization and further PCR mapping ( Fig. 1 and Table 1 ). The diversity of sul3 platforms was established by comparison of restriction fragment length polymorphism (RFLP) patterns of HindIII-, EcoRI-, or PstI-digested amplicons, primer walking sequencing of representatives types, and further analysis of all sul3 elements available in the GenBank database. We detected four sul3 integron arrangements arbitrarily designated types I S3 to IV S3 (Table 2; Fig. 1 a , mefB was complete in only two isolates, and in most cases, the gene was truncated at different points by IS26 (GenBank accession no. HQ875016, HQ875014, and HQ875015); b , this isolate harbors an integron with insertions b and c; c , integron amplification was reached using primers P9 and P5. tnp21 was found upstream of the integrases of different sul3 integron types (n ϭ 10), and a copy of IS26 was detected downstream of the sul3 gene (n ϭ 8). Coexistence of both of the boundaries was detected for 7 isolates. The presence of the mer operon of Tn21 was inferred by merA.
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CURIAO ET AL. ANTIMICROB. AGENTS CHEMOTHER. (27) , and partial sequences aadA1-IS440-sul3-orf1-mefB and aadA3-IS440-sul3-orf1-mefB (GenBank accession no. FJ196384 and FJ196388, respectively). The sul3 integrons obtained from E. coli and Salmonella enterica isolates from humans and farm animals were associated with Tn21 platforms often interrupted by IS26 at different positions ( Fig. 1 and 2 ). Analysis of sequences revealed that a genetic platform, IS440-sul3-orf1-mefB, is specifically located beyond the attC sites of the qacI, aadA1, and aadA3 gene cassettes of integrons (Fig. 2) . The lack of identifiable boundaries for IS440, a putative IS256 family member, reflects either a single insertion downstream of the last gene cassette (most probably qacI) of an ancestral integron, followed by further excisions and insertions of different gene cassettes or independent insertions at the end of different attC sites. The existence of identical integron arrangements lacking and containing IS26 and IS10 surrounded by direct repeats of the original target sequence indicates that the IS440-sul3 platform, once acquired, has been the target of further lateral transfer events. Moreover, complete or partial copies of IS26 at the boundaries of different integrons led to the genesis of putative IS26 composite transposons ( Fig. 1 and 2 ). The lack of target site duplication at the sides of these IS26 copies might indicate the transference of either IS26 composite elements by homologous recombination among diverse plasmids or larger platforms in which they were located. Plasmids carrying sul3 belonged to a diversity of IncI1, IncY, and IncB/O groups (55 to 220 kb), mostly conjugative ones (86%). They were identified by PCR typing methods targeting replication and conjugation sequences of plasmids of Enterobacteriaceae (1, 5) and further hybridization of S1 nuclease- e Susceptibility to non-beta-lactam antibiotics was determined by using the standard disk diffusion method (7) . Antibiotics in parentheses indicate that resistance was not present in all isolates. Cotransference with sul3
is indicated by underlining. In silico comparative analysis was made using BLAST and CLUSTAL softwares available at the BLAST (http://www.ncbi.nlm.nih.gov/blast//) and ClustalW2 (http://www.ebi.ac.uk/Tools/clustalw2/index.html) websites. The sul3 gene is associated with class 1 integrons that differ from class 1 sul1 integrons in the 3Ј region, which comprise the gene cassette initially annotated qacH but called qacI afterward in order to distinguish it from the unrelated qacH gene of Staphylococcus aureus (GenBank accession no. AF205943) (20, 22) . a , the first described sul3 platform recovered from an E. coli swine isolate in Switzerland in 2002 (GenBank accession no. AJ459418); b , orf1 is also annotated as yqkA-yusZ or orfA-orfB (GenBank accession no. AY509004, EU219534, FM242710, FM244708, FM244709, FM244710, FM244712, and FM244713); c , insertions of IS10 or IS26 within IS440-sul3 were found in some isolates (GenBank accession no. FJ587511, HQ875013, and HQ875016) (Fig. 1) ; d , the orf1-mefB sequence was absent or not determined; e , the presence of sequences upstream of intI1 or downstream of tniC was not determined or was absent; f , mefB is absent or truncated. aadA2 corresponding to FM242710 is a hybrid of aadA1a and aadA2 containing attC aadA1a. It is annotated aadA2 in the GenBank database. In summary, this work describes the recent spread of the IS440-sul3 platform, facilitated by its location on highly IncI1-transferable plasmids and by IS26-promoted rearrangements among multidrug resistance transposons and/or plasmids harbored by frequent E. coli clones. Coselection exerted by other antibiotics and/or biocides to which sulfonamide-resistant strains are also resistant, and the low fitness cost of plasmids in which sul genes are located, might be responsible for the spread and persistence of sul3, as suggested for other genes encoding trimethoprim-sulfonamide resistance (9, 29) . The concurrent emergence and dissemination of the DHPS sul3 and ESBL genes among human Enterobacteriaceae since the early 1990s suggest the recent recruitment of adaptive mechanisms in different environments (animals and humans exposed to beta-lactams and sulfonamides) by the same predominant genetic platforms. 
